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[3:00pm] - Gelation of a Thermo-Responsive Homopolymer in an Ionic Liquid 

Authors: Brian Carrick, Prof Tim. Lodge 

Location: University of Minnesota – Twin Cities, Department of Chemical Engineering and 

            Materials Science 

Abstract: Poly(benzyl methacrylate) exhibits lower critical solution temperature phase behavior in ionic liquids due 
to unique solvent-solute interactions stabilizing the polymer in solution. This behavior is unable to be predicted by 
the classical Flory-Huggins polymer solution theory and much uncertainty remains surrounding these systems. In 
this work, we describe the rheological behavior of poly(benzyl methacrylate) in 1-butyl-1-methylpyrrolidinium 
bis(trifluoromethylsulfonyl)imide. A reversible, four-order-of-magnitude increase in both the storage and loss 
moduli from liquid-like to solid-like behavior is registered at the rheological phase separation temperature. This is 
indicative of gelation, rather than the formation of discrete polymer-rich and polymer-poor domains as is typically 
observed upon phase separation in polymer solutions. This gelation behavior also exhibits two unique 
characteristics; (1) it can be halted by annealing a sample at a temperature within the phase separation window 
and (2) remixing upon cooling occurs at higher temperatures than gelation upon heating. These rheological 
measurements coincide with previous cloud point measurements, demonstrating that the critical composition of 
this system lies away from the theoretical 5 – 7 wt% as predicted by Flory-Huggins solution theory. 
 

 

 

 

[3:20pm] - Beyond right and wrong: Performance and persistence in solving 

           scaffolded, randomized, and auto-graded homework problems 

Authors: Kayla Chapman, Dr. Matthew Liberatore 

Location: University of Toledo, Chemical Engineering 

Abstract: Positive life outcomes and learning are more strongly related to grit – combining passion and 
perseverance – than raw IQ. Measuring grit in chemical engineering education is addressed here. Auto-graded 
homework questions with randomized numbers and content provide frequent, formative assessments for students 
that created big data for instructors and researchers. Here, analytics are examined, and a model is constructed that 
combines student performance and persistence into a single score. This difficulty score shows potential to be used 
by faculty for creating assignments that are scaffolded, which has been shown to lead to greater learning. Over 800 
questions and 170,000 attempts were studied from three cohorts of students (n=284) using a fully interactive online 
textbook, Material and Energy Balances zyBook. Problem sets consisted of multiple, scaffolded parts where easier 
levels preceded harder levels. Problem types included multiple choice as well as single and multiple numerical 
response. When students were allowed an unlimited number of attempts before a fixed due date, a median correct 
of 94% was measured. A difficulty score was established using both performance and persistence measures. 
Performance included both raw fraction correct and modified fraction correct, which accounted for only the 
students who attempted each level. Persistence was measured via attempts before correct. Based on a three-tiered 
point system, auto-graded questions were designated easy, medium, or hard, and cross correlation by question 
type and question order begins to validate the model.   
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[3:40pm] - Viscosity scaling in aqueous and salt solutions for diallyl-dimethyl ammonium  

           chloride polyelectrolytes   

Authors: Nicholas Singlar, Dr. Matthew Liberatore 

Location: University of Toledo, Department of Chemical Engineering and  

            Environmental Engineering 

Abstract: A better understanding of the different concentration regimes that exist for polyelectrolytes can be 
helpful to create membranes for anion exchange with applications including electrolysis and fuel cells. Viscosity 
scaling is a method used to study various concentration regimes in polymer and polyelectrolyte solutions.  The 
objective of this study was to perform the viscosity scaling for two cationic polyelectrolytes in water and 0.1 M 
NaCl: a co-polymer Poly(acrylamide-co-diallyl-dimethyl-ammonium chloride)(PAAcDMAC) and a homopolymer 
Poly(diallyl-dimethyl-ammonium chloride) (PDADMAC). Concentrations from 0.25 to 18 wt% polymer spanned from 
dilute to entangled concentration regimes. The higher concentrations provided insight on the semi-dilute and 
entangled regimes, which have not been extensively studied. Comparing the PAAcDMAC in 0.1 M NaCl in the dilute 
region, 0.25 to 1.0 wt%, the ions from the salt interact and screen some of the electrostatic interactions. As a result, 
the polymer assumed a more compact conformation and viscosity decreased. Thus, in DI water, the electrostatic 
interactions of PAAcDMAC repel each other and cause the chain to elongate. This finding confirms previous studies 
on polyelectrolyte rheology. In the semidilute unentangled range, 0.25 to 2.5wt%, the effects in salt solution versus 
water decreased until little difference in viscosity existed between salt and DI water solutions in the entangled 
regions for PAAcDMAC. The PAAcDMAC and DI water was found to encompass all four concentration regimes, and 
the PAAcDMAC and the NaCl reached the semidilute entangled regime. Similar concentration regimes were 
measured for PDADMAC solutions; moreover, as the polymer concentration increased, the difference in viscosity 
decreased between aqueous and salt solutions.  The viscosity scaling of PDADMAC and both solvents identified in 
all three of concentration regimes except for the highest concentrated regime. 

 

 

[4:00pm] - Secure computation of process control inputs using partially 

            homomorphic encryption 
Authors: Katie Tyrrell, Dr. Helen Durand 

Location: Wayne State University, Department of Chemical Engineering and  

            Material Science 

Abstract: As methods in chemical process control advance, increased computational demands make it desirable to 
outsource calculations using cloud computing; however, sending sensitive data to a remote server poses a security 
risk.  Traditionally, even if data are encrypted during transmission, they must be decrypted before calculations can 
be performed, forcing reliance on the trustworthiness of the third-party server.  Homomorphic encryption, which 
allows calculations on encrypted values such that the result can be meaningfully decrypted, has been investigated 
as a possible means of circumventing this security risk.  Homomorphic encryption schemes can be divided into 
different categories, each with its own unique set of benefits and challenges.  Much of recent research focuses on 
partially homomorphic encryption, which allows a large number of operations on encrypted data without affecting 
the interpretability of the result, but only for limited types of operations. Advances have been made towards the 
use of partially homomorphic schemes for linear controllers with encrypted state measurements, but effective 
methods for extending these approaches to nonlinear systems are still an open direction.  Our research goal is to 
explore ideas for encrypted calculations applied to advanced control methods, such as nonlinear model predictive 
control performed using interior point optimization algorithms.  This presentation will review methods that have 
already been performed in the literature using linear control examples, will summarize the work done to date on 
this topic, and will present plans for future work. 


